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UNIT POWER MODULE AND POWER
MODULE PACKAGE COMPRISING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0121287, filed on Oct. 30, 2012, entitled
“Unit Power Module and Power Module Package Compris-
ing the Same” which is hereby incorporated by reference in its
entirety into this application.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a unit power module and a
power module package comprising the same.

2. Description of the Related Art

Underground resources are limited but energy usage has
increased every year. Therefore, all the countries are paying
more attention and effort to the development of alternative
energy.

This effort has continued to the development of technolo-
gies of implementing high efficiency with less energy. One of
the technologies is the power module.

The power module may be largely classified into an
inverter, a converter, a device for driving a motor. The power
module has various types according to the purpose and the
usage thereof has been continuously increased.

The industrial and high-capacity power modules having a
case type according to the prior art cannot be mass-produced
and are expensive, such that the power modules do not have
easy accessibility.

When the power modules having the case form have a
structure that can be mass-produced and a lighter and slimmer
structure, the power modules can be used at low costs at more
places, which may implement energy saving, protection of
resources, and protection of nature.

To achieve the targets, a power module package structure
can resolve the heat generation problem that is the largest
vulnerability of the power module and can be mass-produced
has first been developed.

Meanwhile, the structure of the power module package
according to the prior art is disclosed in U.S. Pat. No. 5,920,
119.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
a unit power module capable of saving failure cost and being
easily replaced at the time of the occurrence of defects and a
power module package comprising the same.

Further, the present invention has been made in an effort to
provide a unit power module with the simplified process and
the improved unit per hour (UPH) and a power module pack-
age comprising the same.

In addition, the present invention has been made in an effort
to provide a unit power module with the easy customize
according to a request of a customer and a power module
package comprising the same.

According to a preferred embodiment of the present inven-
tion, there is provided a unit power module, including: a first
semiconductor chip having one surface on which a 1-1-th
electrode and a 1-2-th electrode spaced apart from the 1-1-th
electrode are formed and the other surface on which a 1-3-th
electrode is formed; a second semiconductor chip having one
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surface on which a 2-1-th electrode is formed and the other
surface on which a 2-2-th electrode is formed; a first metal
plate contacting the 1-1-th electrode of the first semiconduc-
tor chip and the 2-1-th electrode of the second semiconductor
chip; a second metal plate contacting the 1-2-th electrode of
the first semiconductor chip and spaced apart from the first
metal plate; a third metal plate contacting the 1-3-th electrode
of'the first semiconductor chip and the 2-2-th electrode of the
second semiconductor chip; a sealing member formed to
surround the first metal plate, the second metal plate, and the
third metal plate.

The first semiconductor chip may be an insulated gate
bipolar transistor (IGBT) and the 1-1-th electrode, the 1-2-th
electrode, and the 1-3-th electrode may each be an emitter
electrode, a gate electrode, and a collector electrode.

The second semiconductor chip may be a diode and the
2-1-th electrode and the 2-2-th electrode may each be an
anode electrode and a cathode electrode.

The first metal plate, the second metal plate, and the third
metal plate may be exposed to one of both sides of the unit
power module in a thickness direction and the first metal plate
and the third metal plate may be exposed to the other side
thereof.

The first metal plate, the second metal plate, and the third
metal plate exposed to both sides of the unit power module
may each be an emitter pad, a gate pad, and a collector pad.

The unit power module may further include: an insulating
layer formed on the first metal plate.

The unit power module may further include: an insulating
layer formed on the third metal plate.

According to another preferred embodiment of the present
invention, there is provided a power module package, includ-
ing: a unit power module including a first semiconductor chip
having one surface on which a 1-1-th electrode and a 1-2-th
electrode spaced apart from the 1-1-th electrode are formed
and the other surface on which a 1-3-th electrode is formed, a
second semiconductor chip having one surface on which a
2-1-th electrode is formed and the other surface on which a
2-2-th electrode is formed, a first metal plate contacting the
1-1-th electrode of'the first semiconductor chip and the 2-1-th
electrode of the second semiconductor chip, a second metal
plate contacting the 1-2-th electrode of the first semiconduc-
tor chip and spaced apart from the first metal plate, a third
metal plate contacting the 1-3-th electrode of the first semi-
conductor chip and the 2-2-th electrode of the second semi-
conductor chip, and a sealing member formed to surround the
first metal plate, the second metal plate, and the third metal
plate; and a case in which at least one unit power module is
received.

The first semiconductor chip may be an insulated gate
bipolar transistor (IGBT) and the 1-1-th electrode, the 1-2-th
electrode, and the 1-3-th electrode may each be an emitter
electrode, a gate electrode, and a collector electrode.

The second semiconductor chip may be a diode and the
2-1-th electrode and the 2-2-th electrode may each be an
anode electrode and a cathode electrode.

The first metal plate, the second metal plate, and the third
metal plate may be exposed to one of both sides of the unit
power module in a thickness direction and the first metal plate
and the third metal plate may be exposed to the other side
thereof, and the first metal plate, the second metal plate, and
the third metal plate exposed to both sides of the unit power
module may each be an emitter pad, a gate pad, and a collector
pad.

The case may include: an insertion groove into which the
unit power module is inserted; an external connection termi-
nal including a power supply terminal, a ground terminal, a
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control terminal, and an output terminal formed to be exposed
on a surface of the case; a circuit pattern formed in an inside
of'the case and having one end and the other end, the one end
contacting the external connection terminal and the other end
being formed toward an inner wall of the insertion groove;
and a plurality of bonding members having ends and the other
ends, the one end contacting the circuit pattern and the other
end is protruded to an inside of the insertion groove to contact
an emitter pad, a gate pad, and a collector pad of the unit
power module, respectively.

The emitter pad, the gate pad, and the collector pad
exposed to one side of the unit power module may each be
electrically connected with a ground terminal, a control ter-
minal, and a power supply terminal, and the emitter pad and
the collector pad exposed to the other side of the unit power
module may be electrically connected with the output termi-
nal.

The connection member may be formed of a material hav-
ing elastic force.

The plurality of unit power modules may be laminated and
received in the case.

The power module package may further include: a heat
sink contacting a top portion, a bottom portion or the top and
bottom portions of the case.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 11is aperspective view illustrating a structure of a unit
power module according to a preferred embodiment of the
present invention;

FIGS. 2A and 2B are plan views illustrating top and bottom
surfaces of the unit power module according to the preferred
embodiment of the present invention;

FIGS. 3 and 4 each illustrate one side view and the other
side view of the unit power module according to the preferred
embodiment of the present invention;

FIGS. 5 and 6 each are cross-sectional views taken along
the line A1-A1' and the line B1-B1' of FIG. 3;

FIG. 7 is a plan view of a power module package including
the unit power module according to the preferred embodi-
ment of the present invention;

FIGS. 8 and 9 each are cross-sectional views taken along
the line A2-A2' and the line B2-B2' of FIG. 7,

FIG. 10 is a plan view of a power module package includ-
ing a unit power module according to another preferred
embodiment of the present invention; and

FIGS. 11 and 12 each are cross-sectional views taken along
the line A3-A3' and the line B3-B3' of FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The objects, features and advantages of the present inven-
tion will be more clearly understood from the following
detailed description of the preferred embodiments taken in
conjunction with the accompanying drawings. Throughout
the accompanying drawings, the same reference numerals are
used to designate the same or similar components, and redun-
dant descriptions thereof are omitted. Further, in the follow-
ing description, the terms “first,” “second,” “one side,” “the
other side” and the like are used to differentiate a certain
component from other components, but the configuration of
such components should not be construed to be limited by the
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terms. Further, in the description of the present invention,
when it is determined that the detailed description of the
related art would obscure the gist of the present invention, the
description thereof will be omitted.

Hereinafter, preferred embodiments of the present inven-
tion are described in detail with reference to the accompany-
ing drawings.

Unit Power Module

FIG. 11is aperspective view illustrating a structure of a unit
power module according to a preferred embodiment of the
present invention, FIGS. 2A and 2B are plan views illustrat-
ing top and bottom surfaces of the unit power module accord-
ing to the preferred embodiment of the present invention,
FIGS. 3 and 4 each illustrate one side view and the other side
view of the unit power module according to the preferred
embodiment of the present invention, and FIGS. 5 and 6 each
are cross-sectional views taken along the line A1-A1' and the
line B1-B1' of FIG. 3.

Referring to FIGS. 1 to 6, a unit power module 110 accord-
ing to the preferred embodiment of the present invention
includes a first semiconductor chip 111, a second semicon-
ductor chip 113, a first metal plate 121, a second metal plate
123, a third metal plate 125, and a sealing member 140.

In this configuration, the first semiconductor chip 111 and
the second semiconductor chip 113 may be power devices
but, the preferred embodiment of the present invention is not
particularly limited thereto.

The power device may include a silicon controlled rectifier
(SCR), a power transistor, an insulated gate bipolar transistor
(IGBT), a MOS transistor, a power rectifier, a power regula-
tor, an inverter, a converter, a high power semiconductor chip
that is a combination thereof, a diode, and the like, but is not
limited thereto.

In the preferred embodiment of the present invention, the
insulated gate bipolar transistor (IGBT) is used as the first
semiconductor chip 111 and the diode is used as the second
semiconductor chip 113, but this is only one embodiment.
The present invention is not limited thereto, but other power
devices can also be used.

Hereinafter, as described above, the case in which the
insulated gate bipolar transistor (IGBT) is used as the first
semiconductor chip 111 and the diode is used as the second
semiconductor chip 113 will be described by way of example.

The first semiconductor chip 111 has one surface and the
other surface and the one surface may be provided with a
1-1-th electrode (not illustrated) and a 1-2-electrode (not
illustrated) spaced apart from the 1-1-th electrode (not illus-
trated) and the other surface may be provided with a 1-3-th
electrode (not illustrated).

Further, the second semiconductor chip 113 also has one
surface and the other surface and the one surface may be
provided with a 2-1-th electrode (not illustrated) and the other
surface may be provided with a 2-2-th electrode (not illus-
trated).

Hereinafter, the 1-1-th electrode, the 1-2-th electrode, and
the 1-3-th electrode of the first semiconductor chip 111 each
are an emitter electrode, a gate electrode, and a collector
electrode and the 2-1-th electrode and a 2-2-th electrode of the
second semiconductor chip 113 each are an anode electrode
and a cathode electrode.

In this case, the emitter electrode of the first semiconductor
chip 111 and the anode electrode of the second semiconduc-
tor chip 113 and the collector electrode of the first semicon-
ductor chip 111 and the cathode electrode of the second
semiconductor chip 113 may each be connected with a ter-
minal having the same polarity.
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That is, the emitter electrode of the first semiconductor
chip 111 and the anode electrode of the second semiconduc-
tor chip 113 and the collector electrode of the first semicon-
ductor chip 111 and the cathode electrode of the second
semiconductor chip 113 may each be connected with one
pattern.

In the preferred embodiment of the present invention, the
first metal plate 121, the second metal plate 123, and the third
plate 125 may be formed of copper (Cu), but the preferred
embodiment of the present invention is not particularly lim-
ited thereto.

In the preferred embodiment of the present invention, as
illustrated in FIGS. 1, 5, and 6, the first metal plate 121 may
be disposed to contact the emitter electrode of the first semi-
conductor chip 111 and the anode electrode of the second
semiconductor chip 113, the second metal plate 123 may be
disposed to contact the gate electrode of the first semiconduc-
tor chip 111, and the third metal plate 125 may be disposed to
contact the collector electrode of the first semiconductor chip
111 and the cathode electrode of the second semiconductor
chip 113.

That is, one surface of the first semiconductor chip 111 and
the second semiconductor chip 113 is provided with the first
metal plate 121 and the other surface thereof is provided with
the third metal plate 125 to dispose the first semiconductor
chip 111 and the second semiconductor chip 113 between the
first metal plate 121 and the third metal plate 125. In this case,
one surface of the first semiconductor chip 111 is provided
with the second metal plate 123 so as to be spaced apart from
the first metal plate 121.

In this case, the unit power module 100 according to the
preferred embodiment of the present invention may further
include a bonding member 115 that bonds the first metal plate
121, the second metal plate 123, and the third metal plate 125
to the first semiconductor chip 111 and the second semicon-
ductor chip 113.

Here, the bonding member 115 may be a solder, but the
preferred embodiment of the present invention is not particu-
larly limited thereto. Therefore, any conductive bonding
material can be used.

In the preferred embodiment of the present invention, the
sealing member 140 may be formed to surround the first metal
plate 121, the second metal plate 123, and the third metal plate
125, as illustrated in FIG. 1.

Therefore, the first semiconductor chip 111 and the second
semiconductor chip 113 that are disposed between the first
metal plate 121 and the third metal plate 125 may also be
sealed.

In this case, as the sealing member 140, epoxy molded
compound (EMC), and the like, may be used, but the pre-
ferred embodiment of the present invention is not particularly
limited thereto.

Further, the unit power module 100 according to the pre-
ferred embodiment of the present invention may further
include an insulating layer 130 formed on the first metal plate
121 and the third metal plate 125, but the preferred embodi-
ment of the present invention is not particularly limited
thereto.

This is to prevent the electrical short from occurring due to
the surfaces of the first metal plate 121 and the third metal
plate 125 that are exposed to the outside.

In this case, the insulating layer 130 may be formed of the
same material as the foregoing sealing member 140, but the
preferred embodiment of the present invention is not particu-
larly limited thereto. Therefore, all materials used as an insu-
lating material known in the art can be used.
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Meanwhile, FIG. 1 illustrates that a thickness ofthe second
metal plate 123 is smaller than that of the first metal plate 121,
which is only one preferred embodiment. Therefore, the
thickness of the second metal plate may be formed to be the
same as that of the first metal plate. If the second metal plate
and the first metal plate are formed to have the same thick-
ness, the insulating layer 130 may also be formed on the
second metal plate 132.

Further, as illustrated in FIGS. 1, 3, and 4, the unit power
module 100 according to the preferred embodiment of the
present invention has one side and the other side in a perpen-
dicular direction to their thickness. Meanwhile, as illustrated
in FIG. 3, the first metal plate 121, the second metal plate 123,
and the third metal plate 125 are exposed to the one side and
as illustrated in FIG. 4, the first metal plate 121 and the third
metal plate 125 may be exposed to the other side.

Hereinafter, the first metal plate 121, the second metal plate
123, and the third metal plate 125 exposed to both sides are
each named emitter pads 121a and 1215, a gate pad 1234, and
collector pads 1254 and 1254.

As such, exposing the first metal plate 121, the second
metal plate 123, and the third metal plate 125 to both sides of
the unit power module 100 contact a connection member 240
formed in an insertion groove 211 of a case 210 to be
described below to electrically connect the first semiconduc-
tor chip 111 and the second semiconductor chip 113 within
the unit power module 100 with the external connection ter-
minal. This will be described below in detail.

Inthis case, the first metal plate 121, the second metal plate
123, and the third metal plate 125 that are exposed to both
sides of the unit power module 100 may be formed to have the
same plane as the sealing member 140 and may be formed to
be protruded from the sealing member 140, but the preferred
embodiment of the present invention is not particularly lim-
ited thereto.

As described above, the power device equipped in the
power module package can be manufactured in the module
form to test the defect of the module manufactured before
being packaged and then packages only the good product,
such that the power module package can be manufactured,
thereby reducing the failure cost.

Further, according to the preferred embodiments of the
present invention, the metal plate corresponding to the circuit
patterns according to the prior art can be bonded to all the
electrodes of the semiconductor chip, respectively and then
modularized to remove the use of the wire as compared with
the case in which the circuit patterns according to the related
art are electrically connected with the semiconductor using
the wire, thereby simplifying the structure and the process
and shortening the process time.

Power Module Package

FIG. 7 is a plan view of a power module package including
the unit power module according to the preferred embodi-
ment of the present invention, FIGS. 8 and 9 each are cross-
sectional views taken along the line A2-A2' and the line
B2-B2' of FIG. 7, FIG. 10 is a plan view of a power module
package including a unit power module according to another
preferred embodiment of the present invention, and FIGS. 11
and 12 each are cross-sectional views taken along the line
A3-A3' and the line B3-B3' of FIG. 10.

First, referring to FIG. 7, a power module package 200
according to a preferred embodiment of the present invention
may include the unit power module 100 and the case 210 in
which at least one unit power module 100 is received.

Meanwhile, the unit power module 100 is described in
detail with reference to the unit power module portion and
therefore, will be briefly described herein.
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In the preferred embodiment of the present invention, as
illustrated in FIGS. 1 to 6, the unit power module 100 includes
the first semiconductor chip 111 having the emitter electrode
(not illustrated) and the gate electrode (not illustrated) spaced
apart from the emitter electrode formed one surface thereof
and the collector electrode (not illustrated) formed on the
other side thereof, the second semiconductor chip 113 having
the anode electrode (not illustrated) formed on one surface
thereof and the cathode electrode (not illustrated) formed on
the other surface thereof, the first metal plate 121 contacting
the emitter electrode (not illustrated) of the first semiconduc-
tor chip 111 and the anode electrode of the second semicon-
ductor chip 113, the second metal plate 123 contacting the
gate electrode (not illustrated) of the first semiconductor chip
111, the third metal plate 125 contacting the collector elec-
trode (not illustrated) of the first semiconductor chip 111 and
the cathode electrode (not illustrated) of the second semicon-
ductor chip 113, and the sealing member 140 formed to
surround the surfaces of the first metal plate 121, the second
metal plate 123, and the third metal plate 125.

Further, the surface of the first metal plate 121 and the
surface of the third metal plate 125 may be further provided
with the insulating layer 130.

Further, as illustrated in FIG. 3, the first metal plate 121, the
second metal plate 123, and the third metal plate 125 may be
exposed to one of both sides of the unit power module 100 and
as illustrated in FIG. 4, the first metal plate 121 and the third
metal plate 125 may be exposed to the other side thereof.

Hereinafter, the first metal plate 121, the second metal plate
123, and the third metal plate 125 exposed to both sides are
each named the emitter pads 121a and 1215, the gate pad
123a, and the collector pads 125a and 1254.

As illustrated in FIG. 7, the case 210 according to the
preferred embodiment of the present invention may include
the insertion groove 211 in which at least one unit power
module 100 is received.

In this case, the insertion groove 211 may be formed to
penetrate through the case 210 in a thickness direction, but the
preferred embodiment of the present invention is not limited
thereto.

Further, the external connection terminal formed to be
exposed to the surface of the case 210 may be further pro-
vided. Herein, the external connection terminal may include
apower supply terminal 221, a ground terminal 223, a control
terminal 225, and output terminals 227a, 227b, and 227¢ as
illustrated in FIG. 7, but the preferred embodiment of the
present invention is not limited thereto.

In this case, the power supply terminal 221 is a terminal for
supplying power to the first semiconductor chip 111 and the
second semiconductor chip 113 within the unit power module
100, the ground terminal 223 is a terminal for connecting and
grounding current flowing out from the first semiconductor
chip 111 and the second semiconductor chip 113 by reference
potential, the control terminal 225 is a terminal for transfer-
ring a driving signal for driving the first semiconductor chip
111 to the gate electrode, and the output terminals 2274,
227b, and 227¢ are terminals for transferring current output
from the first semiconductor chip 111 and the second semi-
conductor chip 113 to the external apparatus.

Here, the reason of providing the output terminals 227a,
227b, and 227¢ in three is to connect with loads of each phase
of an external apparatus having a 3 phase load such as a 3
phase motor, which is only the preferred embodiment of the
present invention. Therefore, the present invention is not par-
ticularly limited thereto.

Hereinafter, an output terminal 227a may be called a
U-phase output terminal 227a and an output terminal 2275

20

30

35

40

45

50

65

8

may be called a V-phase output terminal 2275, and an output
terminal 227¢ may be called a W-phase output terminal 227c.

Further, as described above, for connecting with the exter-
nal apparatus having the 3 phase load such as the 3 phase
motor, one set module for outputting each phase is required.
Herein, the set module means two unit power modules 100.

Therefore, in the preferred embodiment of the present
invention, as illustrated in FIG. 7, a total of 6 unit power
modules 100, that is, three sets of modules are received in the
case 210 and the adjacent unit power modules 100 from the
unit power module 100 outermost located among the unit
power modules 100 received in a row are operated as one set.

The detailed operation will be described below in detail.

Further, the case 210 according to the preferred embodi-
ment of the present invention is formed in the case 210 and
has one end and the other end and the one end contacts the
external connection terminal and the other end may further
include circuit patterns 230a, 2305, 230¢, 230d, 230e, and
230f formed toward the inside of the insertion groove 211.

Herein, the circuit pattern 230« has one end contacting the
power terminal 221, the circuit pattern 2305 contacts one end
contacting the ground terminal 223, the circuit pattern 230¢
has one end contacting the control terminal 225, and the
circuit patterns 2304, 230e, and 230 may each have ends that
may be connected with the U-phase output terminal 2274, the
V-phase output terminal 2275, and the W-phase output termi-
nal 227c¢.

In this case, the circuit pattern 230a contacting the power
supply terminal 221 and the circuit pattern 2305 contacting
the ground terminal 223 are each connected with two unit
power modules 100 included in the foregoing set module.

In detail, the third metal plate 125 of one of the two adja-
cent unit power modules 100 is connected with the circuit
pattern 230a contacting the power supply terminal 221 and
the first metal plate 121 of another unit power module 100 is
connected with the circuit pattern 2305 contacting the ground
terminal 223.

Further, in the preferred embodiment of the present inven-
tion, the other ends of the circuit patterns 230d, 230e, and
2307 of which the ends are each connected with the U-phase
output terminal 227a, the V-phase output terminal 2275, and
the W-phase output terminal 227¢, respectively, are divided
into two branches as illustrated in FIG. 7, such that one ofthe
other ends of the circuit patterns 2304, 230¢, and 230/ is
connected with the first metal plate 121 of one unit power
module 100 among the foregoing set modules and the other
one of the other ends thereof may be connected with the third
metal plate 125 of the other unit power module 100.

Therefore, when power is supplied from the set module to
one unit power module 100 to output current, the output
current is transferred to the output terminals 227a, 227b, and
227¢ and is output to the outside and at the same time, is
transferred to the other adjacent unit power modules 100 and
flows in the ground terminal 223 and thus may be grounded.

Further, the case 210 according to the preferred embodi-
ment of the present invention has one end and the other end
and the one end contacts the circuit patterns 230a, 2035, 230c¢,
230d, 230e, and 230f and the other end may further include
the plurality of connection members 240 that are protruded to
the inside of the insertion groove 211 to contact the emitter
pads 121 and 1215, the gate pad 123a, and the collector pads
125a and 1255 of the unit power module 100, respectively.

Herein, the connection member 240 may be formed of
materials having conductivity and elastic force. For example,
as the connection member 240, a spring formed of metal, and
the like, may be used, but the preferred embodiment of the
present invention is not particularly limited thereto.
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Therefore, the unit power module 100 may be easily
detached/attached to/from the insertion groove 211 of the
case 210, similar to the method of attaching and detaching, for
example, a battery.

Further, as described above, according to the preferred
embodiment of the present invention, the unit power module
100 received in the insertion groove 211 of the case 210 is not
fixed by a separate adhesive but can be detached/attached by
the connection member 240 having elastic force, such that the
unit power module 100 having a defect after being received
can be replaced with the unit power module 100 that is a good
product, thereby easily repairing the defective products.

As described above, in order to electrically connect the unit
power module 100 received in the insertion groove 211 of the
case 210 with the external apparatus, the external connection
terminal including the power supply terminal 221, the ground
terminal 223, the control terminal 225, and the output termi-
nals 227a, 227b, and 227¢, the circuit patterns 230a, 2305,
230c¢, 230d, 230¢, and 230/ connected with the external con-
nection terminals, and the connection member 240 connected
with the circuit patterns 230a, 23056, 230c¢, 2304, 230¢, and
230f are formed.

Therefore, according to the preferred embodiment of the
present invention, only when the only the unit power module
100 is received in the case 210, the unit power module 100
may perform the same function as the power module package
in which the semiconductor chip is mounted on the substrate
according to the related art and the external connection ter-
minal is wire-bonded with the semiconductor chip and then is
covered with the case.

In detail, a driving principle of the power module package
200 according to the preferred embodiment of the present
invention will be described below.

Referring to FIG. 8, when power is supplied from the
outside through the power supply terminal 221 of one unit
power module 100q in the set module, current is collected in
the third metal plate 125 through the circuit pattern 230a
connected with the power supply terminal 221, the connec-
tion member 240, and the collector pad 125a.

Next, when the driving signal is input through the control
terminal 225 of the unit power module 100a from the outside,
the signal is transferred to the gate electrode through the
circuit pattern 230c¢, the connection member 240, and the gate
pad 123a to drive the first semiconductor chip 111.

Therefore, the current collected in the third metal plate 125
flows in the first metal plate 121 through the first semicon-
ductor chip 111 and the second semiconductor chip 113 and
the current flowing in the first metal plate 121 is output to the
external apparatus through the emitter pad 1215, the connec-
tion member 240, the circuit pattern 2304, and the U-phase
output terminal 227a.

Atthe same time, referring to FIG. 9, current is transferred
to the third metal plate 125 of the adjacent unit power mod-
ules 100 through the circuit pattern 2304, the connection
member 240, and the collector pad 12556 of another unit power
module 1005 and the transferred current is collected in the
third metal plate 125.

Next, when the driving signal is input through the control
terminal 225 of the unit power module 1005 from the outside,
the signal is transferred to the gate electrode through the
circuit pattern 230c¢, the connection member 240, and the gate
pad 123a to drive the first semiconductor chip 111.

Therefore, the current collected in the third metal plate 125
flows in the first metal plate 121 through the first semicon-
ductor chip 111 and the second semiconductor chip 113 and
the current flowing in the first metal plate 121 is output to the
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ground terminal 223 through the emitter pad 121a, the con-
nection member 240, and the circuit pattern 2304.

That is, current flows in a path indicated by an arrow
illustrated in FIG. 7 and other two set modules may also be
operated in the same principle as the foregoing principle.

Further, in the power module package 100 according to the
preferred embodiment of the present invention, a gap may be
formed between the inner wall of the insertion groove 211 of
the case 210 and the received unit power module 100 as
illustrated in FIG. 7. This is due to the connection member
240 formed to be protruded to the inside of the insertion
groove 211 and the formed gap is filled with an insulating
material to improve electrical reliability.

Further, as illustrated in FIG. 8, the power module package
100 according to the preferred embodiment of the present
invention may be provided with a heat sink 300 contacting a
top portion or a bottom portion of the case 210.

FIG. 8 illustrates that the heat sink 300 contacts the bottom
portion of the case 210, but the preferred embodiment of the
present invention is not particularly limited thereto. There-
fore, the heat sink may contact the top portion of the case 210
and may contact both of the top and bottom portions thereof.

Herein, the heat sink 300 is to diffuse heat generated from
the first semiconductor chip 111 and the second semiconduc-
tor chip 113 in the air, but the preferred embodiment of the
present invention is not particularly limited thereto. There-
fore, the heat sink 300 may be formed of materials such as
copper (Cu) or tin (Sn).

FIGS. 10 to 12 illustrate a structure of a power module
package 400 according to a preferred embodiment of the
present invention in which the unit power module 100 is not
received in the power module package 200 of FIG. 7 in a
single layer but is received so as to be laminated therein.

That is, in the power module package 400 according to the
preferred embodiment of the present invention, as illustrated
in FIGS. 11 and 12, the two unit power modules 100 that are
a set module are laminated in two layers and received.

Therefore, the package size may be reduced half, as com-
pared with the power module package 200 according to the
foregoing preferred embodiment of the present invention.

The operation of the power module package 400 is the
same as the power module package 200 according to the
foregoing preferred embodiment of the present invention and
therefore, the detailed description thereof will be omitted.

According to the preferred embodiments of the present
invention, the power device equipped in the power module
package can be manufactured in the unit module to test the
non-defect/defect of the unit module manufactured before
being packaged and then packages only the good product,
such that the power module package can be manufactured,
thereby reducing the failure cost.

Further, according to the preferred embodiments of the
present invention, the metal plate corresponding to the circuit
patterns according to the prior art can be bonded to all the
electrodes of the semiconductor chip, respectively and then
modularized to remove the wire bonding process as compared
with the case in which the circuit patterns according to the
related art are electrically connected with the semiconductor
chip using the wire, thereby simplifying the process and
shortening the process time.

In addition, according to the preferred embodiments of the
present invention, the connection member having elastic
force is protruded to the inner wall of the insertion groove of
the case in which the unit power module is received to imple-
ment the detachment and attachment of the unit power mod-
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ule, such that only the defective unit power module can be
replaced, thereby implementing the easy repairs at the time of
the defect of products.

Although the embodiments of the present invention have
been disclosed for illustrative purposes, it will be appreciated
that the present invention is not limited thereto, and those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention.

Accordingly, any and all modifications, variations or
equivalent arrangements should be considered to be within
the scope of the invention, and the detailed scope of the
invention will be disclosed by the accompanying claims.

What is claimed is:

1. A unit power module, comprising:

a first semiconductor chip having one surface on which a
1-1-thelectrode and a 1-2-th electrode spaced apart from
the 1-1-th electrode are formed and another surface on
which a 1-3-th electrode is formed;

a second semiconductor chip having one surface on which
a 2-1-th electrode is formed and another surface on
which a 2-2-th electrode is formed;

a first metal plate extending in a plane generally parallel to
said one surface of the first semiconductor chip and said
one surface of the second semiconductor chip and con-
tacting the 1-1-th electrode of the first semiconductor
chip and the 2-1-th electrode of the second semiconduc-
tor chip, wherein the first metal plate has at least one pair
of parallel, opposing lateral sides;

a second metal plate contacting the 1-2-th electrode of the
first semiconductor chip and spaced apart from the first
metal plate, wherein the second metal plate has at least
one pair of parallel, opposing lateral sides;

athird metal plate extending in a plane generally parallel to
said another surface of the first semiconductor chip and
said another surface of the second semiconductor chip
and contacting the 1-3-th electrode of the first semicon-
ductor chip and the 2-2-th electrode of the second semi-
conductor chip, wherein the third metal plate has at least
one pair of parallel, opposing lateral sides;

a sealing member formed to surround the first metal plate,
the second metal plate, and the third metal plate, wherein
the sealing member has at least one pair of parallel,
opposing lateral sides, and wherein one of the pair of
parallel, opposing lateral sides of the sealing member is
coincident with the other of the pair of parallel, opposing
lateral sides of each of the first and third metal plates, the
coincident lateral sides of the sealing member, first and
third metal plates forming a second planar face of the
power module opposing the first planar face of the power
module, and

wherein a thickness of the second metal plate is smaller
than a thickness of the first metal plate.

2. The unit power module as set forth in claim 1, wherein
the first semiconductor chip is an insulated gate bipolar tran-
sistor (IGBT) and the 1-1-th electrode, the 1-2-th electrode,
and the 1-3-th electrode each are an emitter electrode, a gate
electrode, and a collector electrode.

3. The unit power module as set forth in claim 1, wherein
the second semiconductor chip is a diode and the 2-1-th
electrode and the 2-2-th electrode each are an anode electrode
and a cathode electrode.

4. The unit power module as set forth in claim 1, further
comprising:

an insulating layer formed on the third metal plate.

5. The unit power module as set forth in claim 3, wherein
the first metal plate, the second metal plate, and the third
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metal plate exposed to both sides of the unit power module
each are an emitter pad, a gate pad, and a collector pad.

6. The unit power module as set forth in claim 1, further
comprising:

an insulating layer formed on the first metal plate.

7. A power module package, comprising:

a unit power module including a first semiconductor chip
having one surface on which a 1-1-th electrode and a
1-2-th electrode spaced apart from the 1-1-th electrode
are formed and another surface on which a 1-3-th elec-
trode is formed, a second semiconductor chip having
one surface on which a 2-1-th electrode is formed and
another surface on which a 2-2-th electrode is formed, a
first metal plate extending in a plane generally parallel to
said one surface of the first semiconductor chip and said
one surface of the second semiconductor chip and con-
tacting the 1-1-th electrode of the first semiconductor
chip and the 2-1-th electrode of the second semiconduc-
tor chip, wherein the first metal plate has at least one pair
of parallel, opposing lateral sides, a second metal plate
contacting the 1-2-th electrode of the first semiconduc-
tor chip and spaced apart from the first metal plate,
wherein the second metal plate has at least one pair of
parallel, opposing lateral sides, a third metal plate
extending in a plane generally parallel to said another
surface of the first semiconductor chip and said another
surface of the second semiconductor chip and contacting
the 1-3-th electrode of the first semiconductor chip and
the 2-2-th electrode of the second semiconductor chip,
wherein the third metal plate has at least one pair of
parallel, opposing lateral sides, and a sealing member
formed to surround the first metal plate, the second metal
plate, and the third metal plate, wherein the sealing
member has at least one pair of parallel, opposing lateral
sides, and wherein one of the pair of parallel, opposing
lateral sides of the sealing member is coincident with the
other of the pair of parallel, opposing lateral sides of
each of the first and third metal plates, the coincident
lateral sides of the sealing member, first and third metal
plates forming a second planar face of the power module
opposing the first planar face of the power module; and

a case in which at least one unit power module is received,

wherein the first metal plate, the second metal plate, and the
third metal plate are an emitter pad, a gate pad, and a
collector pad, respectively, and

wherein a thickness of the second metal plate is smaller
than a thickness of the first metal plate.

8. The power module package as set forth in claim 7,
wherein a plurality of unit power modules are laminated and
received in the case.

9. The power module package as set forth in claim 7,
wherein the first semiconductor chip is an insulated gate
bipolar transistor (IGBT) and the 1-1-th electrode, the 1-2-th
electrode, and the 1-3-th electrode each are an emitter elec-
trode, a gate electrode, and a collector electrode.

10. The power module package as set forth in claim 7,
wherein the second semiconductor chip is a diode and the
2-1-th electrode and the 2-2-th electrode each are an anode
electrode and a cathode electrode.

11. The power module package as set forth in claim 7,
further comprising:

a heat sink contacting a top portion, a bottom portion or the

top and bottom portions of the case.

12. A power module package, comprising:

a unit power module including a first semiconductor chip
having one surface on which a 1-1-th electrode and a
1-2-th electrode spaced apart from the 1-1-th electrode
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are formed and another surface on which a 1-3-th elec-
trode is formed, a second semiconductor chip having
one surface on which a 2-1-th electrode is formed and
another surface on which a 2-2-th electrode is formed, a
first metal plate extending in a plane generally parallel to
said one surface of the first semiconductor chip and said
one surface of the second semiconductor chip and con-
tacting the 1-1-th electrode of the first semiconductor
chip and the 2-1-th electrode of the second semiconduc-
tor chip, wherein the first metal plate has at least one pair
of parallel, opposing lateral sides, a second metal plate
contacting the 1-2-th electrode of the first semiconduc-
tor chip and spaced apart from the first metal plate,
wherein the second metal plate has at least one pair of
parallel, opposing lateral sides, a third metal plate
extending in a plane generally parallel to said another
surface of the first semiconductor chip and said another
surface of'the second semiconductor chip and contacting
the 1-3-th electrode of the first semiconductor chip and
the 2-2-th electrode of the second semiconductor chip,
wherein the third metal plate has at least one pair of
parallel, opposing lateral sides, and a sealing member
formed to surround the first metal plate, the second metal
plate, and the third metal plate, wherein the sealing
member has at least one pair of parallel, opposing lateral
sides, and wherein one of the pair of parallel, opposing
lateral sides of the sealing member is coincident with the
other of the pair of parallel, opposing lateral sides of
each of the first and third metal plates, the coincident
lateral sides of the sealing member, first and third metal
plates forming a second planar face of the power module
opposing the first planar face of the power module; and
a case in which at least one unit power module is received,
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wherein the first metal plate, the second metal plate, and the

third metal plate each are an emitter pad, a gate pad, and

a collector pad, respectively, and

wherein the case includes:

an insertion groove into which the unit power module is
inserted;

an external connection terminal including a power sup-
ply terminal, a ground terminal, a control terminal,
and an output terminal formed to be exposed on a
surface of the case;

a circuit pattern formed in an inside of the case and
having one end and the other end, the one end con-
tacting the external connection terminal and the other
end being formed toward an inner wall ofthe insertion
groove; and

a plurality of connection members having one ends and
the other ends, the one ends contacting the circuit
pattern and the other end is protruded to an inside of
the insertion groove to contact an emitter pad, a gate
pad, and a collector pad of the unit power module,
respectively.

13. The power module package as set forth in claim 12,
wherein the emitter pad, the gate pad, and the collector pad
exposed to one side of the unit power module each are elec-
trically connected with a ground terminal, a control terminal,
and a power supply terminal; and

the emitter pad and the collector pad exposed to the another

side of the unit power module are electrically connected

with the output terminal.

14. The power module package as set forth in claim 12,
wherein the connection member is formed of a material hav-
ing elastic force.



